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IITTEODTJCTrOir 


rt  has  1)6001:16  customary  in  electrical  wiring  to 
use  iron  conduits,  through  which  conductors  are  run,  this 
systeu  "being  used  for  taring  houses,  office  "buildings,  etc., 
for  "both  lighting  and  motor  loads.   This  arrangement  insur- 
es protection  against  fire  which  might  result  from  crossed 
wires  if  the  circuits  were  exposed  and  also  protects  one  cir- 
cuit from  another  and  from  external  injury  and  c,lso  gives  a 
more  compact  and  neater  appearance  to  the  wiring.   While  this 
plan  has  manj-  advantages,  the  question  of  economy  must  also 
he  considered.   If  it  should  be  found  that  this  arrangement 
would  cause  a  considerahle  energy  loss  each  year,  it  would 
not  he  economical  to  use  this;  therefore,  it  is  the  purpose 
of  this  Thesis  to  ascertain  definitely,  just  how  great  a  drop 
in  voltage  is  caused  by  the  use  of  conduit,  if  there  he  any 
additional  drop  besides  ohmic  drop.   This  being  found  from 
other  data  the  energj^  loss  per  year  can  be  calculated. 

When  an  alternating  current  is  used  for  distributing 
energy  it  is  not  sufficient  to  regard  the  ohmic  loss  as  the 
only  one  which  occurs,  as  there  is  another  due  to  the  factor 
known  as  reactance,  Ttiich  is  made  up  of  both  inductance  and 
capacity  of  a  circuit.   When  the  circuit  is  short  the  capacity 
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effect   is  negligilDle,   wMle   the   ijaductive  effect  may  be   large. 
The   inductance  of  a   circuit   depends  upon  the   e'nrgj  of  the  mag- 
netic  field  which   is   set  up  hy  the   current    flowing   tlirough   the 
conductors.      The  effect  of  this  magnetic   field  is    to  set   up 
an  induced  S.r,!.?,    in  a  conductor,    which  will  be  opposite   in 
direction  to  the  impressed  E.M.F.    and  will  therefore  cause  the 
latter  to  be  reduced  in  effective  value.      Vflien  the  wires  carry- 
ing the   current  are  placed  in  close  prosiminity  and  arranged  so 
that  the  current   flows  in  opposite   directions,  M«itH  the  two   con- 
ductors  lying  side  by  side,    a  very  wea]c  magnetic  field   is   pro- 
duced  in  the   surrounding  region,    since  the   fields  set   up  by  the 
two   conductors  tend  to  neutralize   each  other.      If  the   conduc- 
tors are  placed   in  an  iron  conduit,    since  the  permeability  of 
iron  is  much  greater  than  that   of  the  air,   the    strength  of  the 
magnetic    field  surrounding  the  conductors  will   be  greatly  in- 
creased,  Iti/t  since  the  same   current   is   flowing  through  both 
conductors,    and  the  two    fields  oppose  each  other,   the   increase 
in  field  strength,  will  have  no   effect   upon  the    inductive   drop. 
The  magnitude   of  the   inductive  drop  will  depend   upon 
the  distance  the  wires  are  apart,    for    the   closer  they  are  to- 
gether the  more  the    fields  neutralize  each  other,    and  the   small- 
er the  inductive   drop.      Theoretically,   the   drop  would  never  be 
zero   except  when  the   conductors   are  concentric,   when  the    fields 
would  be   exactly  opposed.      This   condition  is   approximated     close- 
ly however,    in  the  ITo.   14  twin  wire  and   in  the   So.   6  v/ire,   the 
conductors  lying  close   together   in  the  conduit. 
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In  the  series   of  tests  which  w'e-,have  made  the  ,  • 
wires  were   arranged  in  the  usual  manner,   which  is   custom- 
ary in  practice,    so  as  to  maike  the    results  of  the  greatest 
practical   value. 
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Eie  apparatus  used  in  this  test  consisted  of  the 
follov7ing  machines   and  instruments: 

To   supply  the  current  used  in  the  test   a  45  K.77, , 
1100  Volt  Single   Phase  Westinghouse   Generator  was   used,   which 
at   the   nomal  speed   of  1000  S.P.i'i,   gave  sirty-six  alternations 
per  second.      This  macliine  VTas  connected  lay  means   of  belting 
and  a   counter  shaft,    to   a  20  H.P. ,    110  Volt,   4  Pole   Westing- 
house  D.C.   Motor,        In  orier  to   obtain  the  necessarj"  speed  re- 
gulation,  a  15  K.W. ,   125  Volt,   4  Pole  Tvestinghouse  D.   C.    Genera- 
tor was   connected  in   series  with  the  30  H.P,   motor  as  a  depress- 
or.     This  generator  was  direct  connected  to  a  26  H.P,,   115  Volt, 
4  Pole  Crocker-Wheeler  2.0.   motor,  with  a  normal  speed  of  1025 
revolutions  per  minute. 

The   exciting  current   for  the    alternator  was  obtained 
during  part  of  the   test   from  a  motor-generator  set  similar  to 
that   used  as   a  depressor.        For  the  lower   frequencies,  where 
the   exciting  current  was  much  higher  than  normal  a  110  Volt  Bi- 
polar G,   and  C,   D.G.   generator  was   coniiected  in  series  with 
the   110  Volt  lines,   giving  an  approximate  voltage  across  the 
fields   of  220  Volts,        The   0.    and  G.   machine  was   direct   connec- 
ted to    a  6  H.P.,   110  Volt,   4  Pole  Stow  Motor. 

For  stepping  dowQ  the  voltage   from  the   1100  volt   alter- 
nator  used,    two   5  K.W.  ,    1050  -  210  -  420  Volt   ';7estinghouse 
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transforiaers  were  used  in  the  test   on  the  Uo.   14  twin  wire. 
The  transformers   were   eonneoted  with   their  primary  windings 
in  parallel  and   the   secondarys  also    in  parallel,   with  the 
connections   so  made  as   to  give   210  "Volts  on  the  latter.      For 
the   test  on   the  lo,    6   siiigle   wire  tixree   5  K. W,   Westinghouse 
and  one  5  K.'^V. ,   1100  -  110  -  220  -  440  Volt   G.    3.    transforniei 
were  used,   "both  the  primary  and  the    secondary  windings  being 
connected  in  parallel,   with  210  Volts   on   the  secondary. 

The  instruinents  used  in   the   test    on  the  ITo,   6  wire 
consisted  of  t lie    following': 


(0   -  60,  0  -  120) 

(0-12,  0  -  24) 

(0  -200  ) 

(O  -  7.5,  0  -  15) 

(0  -  15  ,  0  -  30). 


Weston  A.G.  Voltmeter  |  5091 
Weston  A.G.  Voltmeter  -jj  3484 
Thompson  A.G.  iinmieter  7*24081 
Weston  A.G.  Wattmeter  #  1778 
Weston  A.G.  Wattmeter  #  512 


For  the  test  on  the  ITo.  14  wire  the  following  in- 
struments were  used: 

Weston  A.G.  Voltmeter,  ~  f  5091  fO  -  60,  0  -  120); 

Weston  A.G.  Voltxneter,  —  f   5246  fO  -125,  0  -  250); 

Thom-oson  A.G.  Ammeter,  --  -^51467  fO  -  50  ); 

Weston  A.G.  Wattmeter,  --  #  1778  (O  -7.5,  0  -  15). 

m  addition  to  the  ahove  instruments  several  volt- 
meters were  used  temporarily  in  obtaining  roughly  the  voltage 
the  depressor,  esciting  sets,  etc.    The  speed  of  tl-ie  alter- 
nator was  obtained  "hj  means  of  a  ball  tachometer  attached 
directly  to  the  shaft  and  connected  to  a  fO  -  5)  Weston  D.G. 
Voltmeter,   This  was  calibrated  by  means  of  a  speed  counter. 


An  incandescent  lamp  rack  was  used  as  a  load  for  tlxe  alternator, 
thas  doing  away  with  any  inductive  effects  that  would  he  intro- 
duced if  a  motor  or  arc  light  load  was  used. 

The  wire  used  was  of  two  sizes,  Ho.  14  twin  wire  and 
Eo.  6  single  wire,  these  heing  the  sizes  most  used  in  practical 
work.   For  the  test  on  the  lo.  14  wire,  one  thousand  feet  of 
this  wire  and  one  thousand  feet  of  five  eights  inch  iron  conduit, 
in  ten  foot  lengths,  was  used.   For  the  test  on  the  Ko.  6  wire, 
four  hundred  feet  of  this  wire  and  two  hundred  feet  of  one  and 
three  eights  inch  iron  conduit,  in  ten  foot  lengths,  was  used. 
These  two  sizes  of  conduit  are  those  mostly  employed  in  practi- 
cal work  with  the  size  conductors  we  used. 
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The  first  test  v/as  nvde   on  the  Eo.  K  tv/iii  Vviie. 
One  thousand  feet  of  this  wire  was  drawn  through  the  five 
eights  inch  conduit,  which  was  arranged  in  ten  foot  lengths 
upon  a  supporting  rack.    Tlae  farthest  ends  of  the  vd.re  were 
connected  together  so  that  the  current  returned  upon  itself 
through  the  pipe  and  at  any  instant  a  current  was  flowing  in 
hoth  directions  in  each  pipe. 

The  various  instruments  were  arranged  as  Bhown  in 
Scheme  lo.  1.   The  load,  an  incandescent  lamp  rack,  was  placed 
ahead  of  the  pipes  instead  of  heyond  them,  as  is  the  case  in 
practice,  merely  as  a  matter  of  convenience,  the  effect  being 
exactly  the  same.   A  (0  -  126,  0  -  250  )  Weston  A.G.  Voltmeter, 
Y2,  was  use^  to  obtain  the  drop  across  the  wire  in  the  conduit, 
and  A  (O  -  60,   0  -  1£0)  Weston  A.G.  Voltmeter  V^ ,  was  used 
to  obtain  the  drop  across  the  lamp  rack,  this  being  kept  con- 
stant at  one  hundred  and  ten  volts.   A  (O  -  50)  7>«/*i«o/v  A.G, 
ajumeter  was  used  to  measure  the  current  flowing,  and  A  (  0  -  7.5, 
0-15)  Weston  A.G.  Wattmeter  was  used  to  measure  the  power  con- 
sumed.  This  Wattmeter  was  so  connected  through  the  switch  S., 
that  it  measured  either  the  power  consumed  in  the  wire  alone 
or  the  total  power  used  up  in  the  wire  and  the  load. 

In  order  to  obtain  the  effect  due  to  change  of  fre- 
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quency,  a  series  of  runs  were  made  at  frequencies  of  sixty, f<ft"«j 
forts'-  and  thirty  cycles  per  second,  the  method  of  procedure 
heing  the  same  for  all  frequencies.   The  generator  was  first 
brought  to  the  required  speed  hy  varying  the  speed  of  the  motor 
driving  it.   The  field  current  was  then  thrown  on  and  adjusted 
until  the  drop  across  the  laiap/lwas  one  hundred  and  ten  volts, 
A  load  was  then  put  on  the  machine,  and  the  speed  and  drop  across 
the  load  heing  kept  at  their  normal  values,  the  readings  of  the 
various  instruments  were  taken.   The  load  T/as  taken  in  approld.- 
raately  five  ampere  steps  up  to  twenty-five  amperes.   A  set  of 
readings  having  been  obtained  for  each  frequency  in  this  manner, 
another  set  was  taken  as  a  check. 

The  wire  was  then  drawn  out  of  the  conduit  and  looped 
loosely  upon  the  supporting  rack,  emd  the  test  repeated  in  order 
to  determine  the  relative  effect  when  the  wire  was  in  and  out  of 
the  conduit. 

The  second  test  was  made  on  the  Eo.  6  single  wire,  four 
hundred  feet  of  which  was  drawn  through  two  hundred  feet  of  the 
one  and  three  eights  inch  conduit,  so  that  the  current  returned 
upon  itself  in  each  pipe. 

The  arrsjigement  of  the  various  instruments  is  shown  in 
Scheme  Eo.  2.   This  is  practically  the  same  as  Scheme  Ho.  1,  the 
only  difference  beir^g  that  two  wattmeters  were  used  instead  of 
one,  W. ,  measuring  the  power  loss  in  both  the  wire  and  the  load, 
while  ^2  measured  only  the  power  consumed  in  the  wire. 

The  method  of  proceedure  was  the  same  as  in  the  first 
test,  runs  being  taken  at  frequencies  of  sizty,  fifty,  forty  and 
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and  thirty  cycles  per  second,   both  with  the   wire  in  and  out   of 
the   conduit.        The  load  used,    however,   was  much  larger  than  with 
the  ITo.   14  wire,   running  up  as  high  as  ninety- five  amperes.     A 
series   of  runs  having  been  made  with  the  wire  in  the   conduit,   it 
was  withdrawn  and  looped  loosely  upon  the  rack  and  another  series 
of  runs  made  so  as  to  compare  the  effects. 

During  the  tests  the  temperature   of  the  wires  was  kept 
as   constant  as  possible,    for  as  the  wires  heat   up,   as   they  do 
when  the   load  is   increased,    the  resistance  will  rise,    causing 
a  corresponding  increase  in  the   voltage  drop  across  the  wires. 
In  order  to   correct    for  this   a  heavy  current  was  sent   through 
the  wires  before  each  test   so   that   their  temperature  was  raised 
and  this   temperature  vjas   then  kept   as   constant  as  possible  during 
the   test.      Of  course,    this   caused  the   voltage  drop   obtained  to  be 
larger  than  normal,   but  it  had  no  effect   upon  the  relative   drops 
obtained  with  the  wire  in  and  out    of  the   conduit,  which  was  the 
object   sought    in  making  the  test. 

Tlie  currents  used  in  the  two  sizes  of  wires  were  con- 
siderably greater  than  the  normal  currents  used  in  practice.      The 
curreut   carrying  capacity  of  Ho.    6  single  wire  is   usually  taken 
at   50  amperes  and   for  So.   14  twin  wire  is   taken  at   12   amperes. 
The  maximum  currents  used  in  our  test  were  95  amperes   for  the 
Ho.   6  wire  and  25  amperes   for  the  Ho.    14  wire.      Of  course  these 
large   currents  were   flowing  for  a   few  minutes  only. 
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The   curves,  in  each  case,  were  plotted  with  the  load 
in  amperes  as  abscissas  and  volts  drop  across  the  wire  as  or- 
dinates,   A  curve  was  drawn  for  the  results  obtained  at  each 
frequency,  both  with  the  wire  in  and  out  of  the  conduit.  A 
general  curve  sheet  was  plotted  for  each  size  wire  showing  the 
relation  of  the  curves  obtained  at  the  different  frequencies  to 
each  other.   Curves  were  slLso  drawn  showing  the  effect  of  fre- 
quency on  the  drop  at  constant  load,  with  cycles  per  second  as 
abscissas  and  volts  drop  as  ordinates. 

Each  instrument  used  was  calibrated  and  a  calibration 
curve  drawn,  with  true  amperes,  or  volts,  as  abscissas  and  indi- 
cated amperes,  or  volts,  as  ordinates.   The  original  data  obtain- 
ed was  corrected  by  means  of  these  curves  and  the  corrected  values 
used  in  plotting  the  curves  for  the  different  tests. 
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DISCUS   SIOE 
oOo 

« 

The  use  of  the  Iron  conduit  in  wiring,  "brings  in  the 
question  of  whether  this  conduit,  because  of  its  high  permeability 
as  compared  with  air,  does  cause  a  drop  in  addition  to  the  ohmic 
drop  which  exists.   This  system  of  wiring  has  many  advantages,  and 
if  it  can  be  shown  that  there  is  no  loss  in  voltage  due  to  it, 
another  point  in  favor  of  its  universal  adoption  will  be  establish- 
ed. A  year  ago,  at  Armour  Institute,  a  test  of  this  system  was 
made,  the  amount  of  material  being  so  small,  that  it  was  hard  to 
obtain  accurate  results.   This  year,  a  large  enoug?i  length  of 
wire  and  pipes  were  obtained  so  as  to  enable  the  drop  to  be  meas- 
ured accurately,  if  there  were  any  drop  in  voltage,  also  if  any 
variation  of  drop  due  to  change  of  frequency  were  present,  this 
length  should  be  sufficient  to  enable  us  to  detect  it.  Eov;ever, 
after  eliminating  the  effect,  due  to  a  change  in  resistance, 
caused  by  a  variation  of  temperature,  and  after  taking  many  sets 
of  data,  and  plotting  curves,  the  conclusion  was  finally  reached 
that  there  was  no  appreciable  drop  due  to  the  presence  of  the 
conduit  or  to  change  of  frequency. 

Eie  results  were  so  consistent  that  no  doubt  could  exist 
as  to  a  chance  for  error,  and  if  any  drop  does  exist,  it  must  be 
so  small  that  it  cannot  be  measured  by  ordinary  instruments  used 
in  practice. 


12 


Therefore,  this  drop  is  so  small  that  any  loss  of 
energy  due  to  it  would  "be  more  than  counterbalanced 
by  the  advantages  obtained  by  the  use  or  this  conduit. 


DATA 

]Jro>   6  Wire   In     Pipes 

I.  .         Y^  Yg  Wi  W^ 

24        ~  110   —      5.05      £.9  .12 

38.5   —  110   --      7.16      4.5  .25 

54.25—  lie   ~  10.18      6.45  .5 

78.8   ~  110   —   15.0        9.8  1.2 

95        —  110   ~  18.25      11.6  1.75 


I. 

^1 

^,6( 
^2 

3 

\ 

^2 

52 

110 

6.13 

3.85 

.18 

43 

110 

8.0 

5.0 

.3 

53 

110 

11.75 

7.65 

.72 

78 

110 

14.27 

9.6 

1.13 

94.5 

110 

18.17 

12.15 

1.75 

DATA 
Ho,    6  Wire  in  Pipes, 

y  =  50 


I. 


W, 


w. 


21 

110 

4.42 

2.5 

^95 

54 

110 

6.05 

3.9 

.22 

61 

110 

11.54 

7.4 

.74 

74.5 

110 

14.27 

9.2 

1.08 

r. 


I. 

25 
37 

50.3 
70.5 


110 

110 
110 
110 


f  -   5Q 


y  =  40 


W-, 


4.85 
6.9 
9.17 
13.12 


2.95 
4.4 
5.9 
8.6 


W_ 


26 

110 

4.95 

2.85 

.15 

38 

110 

7.15 

4.4 

.28 

48 

110 

8.81 

5.6 

.42 

61 

110 

11.33 

7.2 

.65 

84 

110 

16.30 

10.6 

1.* 

92 

110 

17.67 

11.8 

1.68 

E 

.14 
.23 

.46 

.95 


I. 


y^  -  40 


Wc 


24 

110 

4.6 

3.0 

.15 

38.1 

110 

7.0 

4.3 

.28 

48 

110 

9.05 

4.8 

.■43 

65.7 

110 

12.25 

7.5 

.85 

81.5 

110 

15.15 

9.8 

1.26 

DATA 

ITo.    6  Wire   in  Mr 


/  = 


60 


I 

^1 

• 

^2 

W 
1 

^2 

24 

110 

4.60 

2.7 

.105 

36 

110 

6.77 

4.3 

.25 

50 

110 

9.37 

6.0 

.45 

69 

110 

IS.O 

8.5 

.92 

77 

110 

14.50 

9.5 

1.15 

95 

110 

18.42 

12.45 

1.82 

"/  =   60 

I 

Vl 

^2 

Wi 

^2 

24 

110 

4.65 

2.8 

.15 

37.5 

110 

6.89 

4.3 

.■22 

49.5 

110 

9.28 

5.85 

.42 

77.2 

110 

14.5 

9.5 

1.05 

J^-  50 

I 

^1 

^2 

% 

^2 

£1 

110 

4.25 

2.5 

.07 

35.5 

no 

6.65 

4.2 

.2 

45.2 

no 

8.43 

5.3 

.35 

91 

no 

17.15 

11.5 

1.5 

^=50 

I 

^1 

^2 

»i 

\ 

19 

no 

3.9 

2.3 

.06 

55 

no 

6.56 

4.1 

.2 

45.5 

no 

8143 

5.3 

.35 

DATA 


TTo.    6  Wire  in  Air 


/  = 


40 


f  ^     40 


Vc 


24 

110 

4.6 

2.8 

.15 

54 

110 

6.5ft 

4.1 

.2 

50.3 

110 

9.4 

5.9 

.45 

56.5 

110 

10.72 

6.8 

.55 

80.5 

110 

15.15 

'   9.9 

1.15 

Wo 


24 

110 

4.6 

2.8 

.18 

50 

110 

9.37 

5.87 

.45 

76.5 

110 

14.3 

9.5 

1.10 

/  = 


30 


25 

36.5 
51.7 
65.8 


110 
110 
110 
110 


4.8 

6.83 

9.28 

12.27 


2.8 
4.2 
6.1 
7.8 


.12 
.21 
.4 
.75 


DATA 


go.   14  Wire  in  Pipes 


f' 


60 


I. 


Y. 


Wi 


f- 


60 


¥i 


^^2 


3 

110 

26 

.6 

.078 

9.1 

110 

62 

1.65 

.565 

15.5 

110 

97 

3.2 

1.50 

17.6 

110 

108 

S.65 

1.85 

24.1 

110 

145 

5.05 

5.4 

¥2 


5.25 

110 

29 

.6 

.078 

5.25 

110 

36 

.78 

.205 

15.25 

110 

87.2 

2.9 

1.15 

23.25 

110 

158 

5.6 

5.05 

I. 


^1 


/ 


50 


^2. 


Wc 


4.5 

110 

S3 

.67 

.08 

7.0 

110 

49 

1.15 

.2 

15.6 

110 

88.7 

2.64 

1.0 

22.1 

110 

156 . 5 

.  5.5 

2.95 

25.0 

110 

152 

6.2 

3.5 

5 

9.2 

11.5 
18.9 

24 


^1 

110 
110 
110 
110 
110 


^2 

37 

60 

72.2 
115.7 
146 


/-- 


50 


.76 
1.65 
2.1 
4.25 
6.0 


7^2 

.082 
.45 
.75 
2.1 

3.4 


19.: 


DATA 


I.  Y-i                      Vp  ¥i  Wg 

4.5  110  35  .55  .078 

10.5  110  68.8  1.9  .57 

15.5  110  87.0  2.74  1.05 

20  110  125  4.74  2.45 

£5  110  152  6.2  3.6 


ITo. 

14     Wire  in 

Pipes 

y=-     40 

^i 

^2 

¥i 

110 

35 

.55 

110 

68.8 

1.9 

no 

87.0 

2.74 

no 

125 

4.74 

no 

152 

6.2 

f- 

40 

^1 

\ 

^1 

no 

32 

.57 

no 

50 

1.5 

no 

99 

3.33 

no 

137 

5.4 

no 

125.5 

4.65 

f- 

30 

Vl 

^2 

Wl 

no 

32 

.55 

no 

65.5 

1.65 

no 

87.5 

2.74 

no 

122 

4.3 

I. 


3.5  no  32  .57  .078 

6.8  no  50  1.5  .20 

15.8  no  99  3.33  1.45 

£2.2  110  137  5.4  2.95 

20.0  no  125.5  4.65  2.4 


I.  Vi  ¥£  Wi                               % 

3.5  110  32  .55  .078 

9.5  no  65.5  1.65                           .45 

15.65  no  87.5  2.74  1.05 

19.7  110  122  4.5  2.2 


y*  50 

I.  Vt  Y2  ^1  ^2 


3.5 

no 

32 

6.85    ' 

no 

50 

11.5 

no 

74 

20.25 

no 

125 

.57 

.078 

1.1 

.2 

2.05 

.72 

4.75 

2.5 

DATA 


10. 

14  Wire  in 

Air 

J^-.     60 

I. 

^1 

^2 

% 

% 

6. 

110 

41.9 

1.05 

.78 

7.9 

110 

52.8 

1.4 

.95 

13.25 

no 

83.7 

2.74 

1.-5 

17.5 

no 

108.5 

S.-97 

2.0 

21.7 

no 

132. 

5.35 

2.4 

^  ^      50 


I. 


W-, 


Wc 


4.5 

no 

35.2 

.56 

.08 

11.3 

no 

73 

2.0 

.72 

17.7 

no 

110.1 

3.9 

1.87 

20.1 

no 

123 

4.72 

2.39 

20.5 

no 

126 

4.78 

2.52 

I. 


/  = 


40 


Wi 


^2 


5.1 

110 

40 

.80 

.1 

8.9 

no 

61.8 

1.55 

.51 

15.85 

no  • 

1C0.2 

3.4 

1.48 

19 

no 

117 

4.35 

2.15 

^  =        30 

I. 

^1 

V2 

Wi 

¥2 

7.15 

no 

50 

1.2 

.22 

10.4 

12.8 

no 
no 

69.1 

82.9 

/»2.32 
**1.91 

/'.as 

^.61 

18.8 

no 

117.9 

4.24 

P-IR 

21. 


CAIIBRATXOIT     OF     IKSTSTOISKTS 


-oOo- 


itTeston  Voltineter  #5091 
Standard     Instrument: 


Weston  Yoltiaeter     #5246 


SO 

40 

50 

60 

70 

80 

90 

100 

110 

120 


29 

39.2 

50.1 

59.5 

69.7 

79.9 

89.9 

99.9 

109.9 

120 


-oOo 


Weston  Yoltmeter  #5484 
HIGH     SGALB 
Standard     Instruinent: 


10 

10 

12 

11.98 

14 

13.97 

16 

15.92 

18 

17.88 

20 

19.83 

22 

21.82 

24 

23.82 

Stcindard     Instrument : 

sa 

29 

31 

40 

39 

40.9 

50 

49.4 

50.8 

60 

59.2 

60. -8 

70 

69.7 

70.8 

80 

81 

82 

90 

89.6 

91 

100 

100 

100.8 

110 

109.9 

110.5 

120 

120.3 

120.8 

Weston 

Voltmeter 

#3484 

LOW     SCALE 

Standard     Instrument: 

2 

2, 

a 

4 

4. 

.05 

6 

5, 

.93 

8 

7. 

.97 

10 

9. 

.83 

12 

11. 

,89 

22. 


GALiaMTIOlT     OF     IHSIRin.rEIJTS 


Thomson  Ammeter  #51467, 
Standard  Instrument 


Thomson     Ammeter     #24081. 
Standard        rnstrument 


5 

7.38 

10 

11.3 

15 

15.1 

20 

21.4 

25 

26.4 

30 

31.4 

35 

36.0 

40 

40.7 

45 

45.5 

50 

51.4 

20 

24.8 

30 

25 

36 

40 

36.4 

46.9 

50 

48 

56.3 

50 

58.2. 

66.4 

sro 

68.9 

76.9 

80 

79.3 

86.2 

90 

at. 2 

96.25 

100 

99.1 

105.9 

110 

108.9 

115.1 

120 

118.3 

124 

130 

128.25 

132.9 

140 

138.1 

104.9 

150 

148.2 

,  5 
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